Objective: First-degree relatives (FDR) of type 2 diabetic patients are often insulin resistant. Visceral obesity is closely linked to both insulin resistance and type 2 diabetes. We therefore hypothesized that the inheritance of an increased tendency to store fat in visceral fat depots may be a characteristic phenotypic feature in FDR contributing to their insulin resistance. Design and methods: We measured fat distribution in 20 FDR and 14 age-, gender-and body mass index (BMI)-matched controls employing dual energy X-ray absorbtiometry (DEXA)-and computed tomography (CT)-scanning. Insulin-stimulated glucose uptake (ISGU) was determined by a hyperinsulinemic clamp and maximal aerobic work capacity (VO 2 max) by a bicycle ergometer test. Baseline lipolysis was measured using [ , P , 0.05) and VO 2 max was reduced (52.2^3.1 vs 63.3^3.9 ml/kg ffm/min, P , 0.05) in FDR. Visceral adiposity was inversely correlated with ISGU (FDR: r ¼ 20.52, P , 0.05; controls: r ¼ 2 0.65, P , 0.01) and in multiple regression analysis visceral adiposity (P , 0.01), VO 2 max (P , 0.001) and a family history of type 2 diabetes (P , 0.05) (r 2 ¼ 0.64) all significantly and independently contributed to the level of ISGU. Baseline palmitate appearance (145^10 vs 139^15 mmol/min, P ¼ 0.74) and the 24 h u-cortisol/creatinine ratio ((24.9^1.3 vs 27.4^2.0)·10
Introduction
Type 2 diabetes has a major hereditary component (1) and first-degree relatives (FDR) of type 2 diabetic patients have a considerably increased risk for development of the disease later in life (2) . FDR have been characterized by multiple aberrations in intermediary metabolism and islet cell function even when glucose tolerance is still normal, the most common finding being insulin resistance (3 -5) , a metabolic feature which has been demonstrated to be a major risk factor for future development of type 2 diabetes (2). However, many aspects behind the diminished insulin sensitivity in FDR are not well elucidated.
Obesity exerts a major impact on insulin sensitivity and is closely associated with type 2 diabetes (6). Genetic factors appear to influence both overall (7) and regional (8) obesity, and the anatomical distribution of adipose tissue appears to be of pivotal importance for the deleterious effects of obesity (9) . Thus viscerally (or abdominally) obese individuals suffer greater adverse metabolic consequences compared with equally obese individuals with fat primarily stored in subcutaneous fat depots (6, 10) . In particular, visceral obesity is linked to insulin resistance (11) (12) (13) , impaired glucose tolerance (IGT) (14) and type 2 diabetes (6, 15, 16) . It is therefore tempting to hypothesize that the inheritance of an increased tendency to store fat in visceral fat depots is a common feature in healthy FDR that, in turn, may contribute to their insulin resistance.
Physical work capacity (VO 2 max) is another cardinal determinant of insulin sensitivity of skeletal muscle (17) and in subcutaneous adipose tissue (18) . Recent studies have highlighted the importance of lifestyle intervention, including increased physical activity, for the occurrence of type 2 diabetes (19 -21) . Low physical fitness per se has been demonstrated to be an independent predictor for the disease (22) , and some previous studies have shown reduced VO 2 max in healthy FDR (4, 23, 24) . In overt type 2 diabetic patients exercise training increases fitness, improves glycemic control and reduces body weight (25) . However, the improvement in glycemic control appears to be related to the loss of central fat rather than to the increased VO 2 max. The relationship between insulin sensitivity, overall and visceral obesity and VO 2 max in healthy FDR genetically predisposed to type 2 diabetes remains to be elucidated.
Finally, several reports have suggested the presence of a perturbed hypothalamic-pituitary -adrenal (HPA) axis and cortisol excess in the metabolic syndrome including overt type 2 diabetes (15, 26) . Aspects of this so-called 'hypothalamic arousal' have only been examined rudimentarily in healthy FDR, but a preliminary report (27) has indicated an altered HPA axis in these individuals, which could suggest that cortisol excess contributes to the insulin resistance in FDR.
In the present study, we primarily sought to test the hypothesis that body fat distribution, especially accumulation of visceral adipose tissue, is altered in healthy FDR compared with an age-, gender-and body mass index (BMI)-matched control group without a family history of type 2 diabetes. Secondly, we wanted to examine the relationship between body fat distribution and insulin resistance with respect to glucose and lipid metabolism in these subjects and to assess the potential influence of physical fitness and HPA axis activity on this relationship.
Subjects and methods

Subjects
The study included 20 FDR of patients with type 2 diabetes and 14 control subjects without any family history of diabetes. Prior to the study, these two groups were matched with respect to age, gender and BMI. The habitual physical activity level and the waist-to-hip (W/H) ratio were not used as selection criteria during the recruitment period of the study, although athletes were excluded. FDR were recruited via their type 2 diabetic parent(s) attending the outpatient clinic, Medical Department M, Aarhus Kommunehospital. Within the FDR group five subjects had one parent with type 2 diabetes, ten subjects had one parent and two or more known second-degree relatives with type 2 diabetes, and five subjects had two firstdegree relatives with type 2 diabetes. The control group was recruited among healthy volunteers without any family history of diabetes by advertising. No one in either of the two groups was related. All participants were healthy, of Caucasian origin and were taking no medication. No family history of any other endocrine disorder was present. Additional exclusion criteria were age . 50 years, BMI . 30 kg/m 2 , and alcohol intake on a daily basis. The clinical data of the two groups are shown in Table 1 . For a period of 3 days prior to all studies (as outlined below) participants were asked to consume a weight-maintaining diet containing at least 250 g carbohydrate and to avoid heavy physical exercise. All females were examined in the follicular phase of the menstrual cycle. The protocol was approved by the Ethics Committee in the County of Aarhus and all subjects gave written consent to participate.
Experimental procedure
Participants were examined on four occasions (I, II, III and IV) separated by approximately 2 -4 weeks. The studies were performed in random order, all following a 12 h overnight fast. After termination of the OGTT, a 6-min submaximal exercise test with continuous monitoring of the heart rate was performed on a bicycle ergometer (Monark Ergometer 829 E, Monark exercise AB, Varberg, Sweden) using a workload of 300 to 1500 kpm/min, depending on age, gender and physical activity as reported by the subject. The mean heart rate during the last 2 min of work (. 120 -130 beats/min) was used for the calculation of the VO 2 max as described by Aastrand (28) . In our hands the intraindividual coefficient of variation for this indirect measurement of VO 2 max is comparatively small (9.4%) (29); moreover, the method has been found to correlate well with VO 2 max as determined by direct measurements with a variability of , 10% in both healthy normoglycemic individuals and in subjects with IGT (24, 30) . Finally, the subjects were asked to evaluate their level of habitual physical activity during work and leisure time using the questionnaire described by Saltin and Grimby (31) .
II: Measurements of body composition and HPA axis activity Basal anthropometric measurements were height and total body weight (TBW). BMI was calculated as weight (kg) divided by height (meter) squared. The W/H ratio was measured as the smallest circumference around the waist (cm) divided by the largest circumference around the hips (cm). Total body fat (BF kg), percentage body fat (BF%) and fat free mass (FFM) were evaluated by dual energy X-ray absorptiometry (DEXA) using a QDR-2000 densiometer (Hologic, Waltham, MA, USA). The amount of visceral adipose tissue was assessed by computed tomography (CT) with a Picker PQ 2000 ZAP 100 scanner (Picker, Cleveland, USA) using 130 kV and 200 mA. The areas scanned were 10 mm thick sectional slices at the levels of vertebrae L2 and L3 respectively, and the amount of visceral adipose tissue was determined automatically in a seeding program with a voxel Q work station. In each individual the degree of visceral adiposity was then expressed as the mean of these two latter results. Finally, subjects collected urine for 24 h which was analyzed for cortisol and creatinine concentrations.
III: Hyperinsulinemic euglycemic clamp Participants arrived at the Clinical Research Unit at 0730 h. An intravenous cannula was placed in a heated dorsal hand vein for sampling of arterialized blood. The criteria for satisfactory position was oxygen saturation . 90%. Another intravenous cannula was positioned in an antecubital vein for all infusions. After 90 min of bed resting (time zero) a 150 min hyperinsulinemic (insulin infusion rate 0.6 mU/kg/ min) euglycemic (plasma glucose , 5 mmol/l) clamp protocol was initiated. The intervals between times 2 30 -0 min and 120 -150 min were defined as basal and hyperinsulinemic 'steady state' periods respectively. During the study period blood for determination of serum insulin and FFA was collected at time 2 90, 2 30, 2 15, 0, 60, 120, 135 and 150 min. Plasma glucose was determined every 5 to 10 min during the clamp. Mean glucose infusion rate between times 120 and 150 min was defined as 'steady state' insulinstimulated glucose uptake (ISGU). During the clamp, glucose infusion rates have previously been shown essentially to represent insulin-stimulated glucose uptake at the current rate of insulin infusion in nonobese healthy subjects (4) because the endogenous glucose production is suppressed to insignificant values.
IV: FFA turnover FFA (palmitate) turnover was measured by an isotope dilution technique. An intravenous cannula was placed in an antecubital vein for tracer infusion and another cannula was placed in a heated dorsal hand vein for sampling of arterialized blood. After 90 min of bed resting (time zero) an infusion of [9,10- 3 H] palmitate (0.3 mCi/min) was started and maintained at a constant rate for 60 min (time 0 -60 min). Blood for determination of total FFA concentrations, palmitate concentrations and specific activity, plasma glucose and serum insulin was obtained at time 2 90, 0, 30, 40, 50 and 60 min. The last 30 min of the palmitate infusion period (time 30 -60 min) were considered as 'steady state'. Plasma palmitate concentrations and specific activity were determined by HPLC (32) using [ 2 H 31 ]palmitate as internal standard (33) .
Analytical methods
Plasma glucose was measured in duplicate immediately after sampling (Beckman Instruments, Palo Alto, CA, USA). HbA 1C was determined by HPLC (reference range (95% confidence limits) ¼ 4.4 -6.4%). Serum insulin was determined by ELISA employing a two-site immunoassay (DAKO Diagnostics Ltd, Cambridgeshire, UK). Serum FFA was determined using an enzymatic colorimetric method (Wako Chemicals, Neuss, Germany), whereas serum cholesterol and other measures of lipid metabolism were determined on a COBAS INTEGRA (Roche, Hvidovre, Denmark). Urinary cortisol concentrations were determined by a competitive immunoassay using direct chemiluminescent technology (Chiron Diagnostics Corporation, East Walpole, MA, USA) and urinary creatinine by buffered kinetic Jaffé reaction without deproteinization.
Statistical analysis
Data in text, tables and figures are given as meansŜ .E.M. unless otherwise stated. Student's two-tailed t-tests for unpaired and paired data were used for comparison of data between and within groups respectively. Because of the well-known close relationship between visceral obesity, insulin resistance and type 2 diabetes, the hypothesis that visceral obesity is increased in healthy FDR compared with the age-, gender-and BMI-matched control group was tested employing Student's one-tailed t-test. Relationships between data were analyzed using Pearson product moment correlation analysis, and linear and multiple linear regression analyses. When different measurements of body fat were introduced as independent variables in multiple linear regression analyses these parameters were tested separately and together due to multicollinearity.
Rates and proportions were all tested in contingency tables employing Chi-square analysis or Fisher's Exact test. Levels of statistical significance were set at P , 0.05. Statistical analyses were performed with SigmaStat version 2.03 statistical package (SPSS, Gorinchem, The Netherlands).
Results
Oral glucose tolerance test
All subjects had a normal OGTT according to criteria as defined by the Expert Committee on the Diagnosis and Classification of Diabetes, but fasting plasma glucose (5.1^0.1 vs 4.8^0.1 mmol/l, P , 0.05) as well as the 120-min value (5.9^0.2 vs 4.6^0.3 mmol/l, P , 0.01) were significantly higher in FDR. Similar findings were observed with respect to concentrations of insulin (fasting serum insulin: 37.7^2.6 vs 29.1^2.3 pmol/l, P , 0.05; 120 min value: 186^26 vs 89^15 pmol/l, P , 0.01). HbA 1C and fasting serum lipids did not differ significantly between the two groups (Table 1) .
Insulin sensitivity and physical activity/capacity
During the 'steady state' period of the hyperinsulinemic euglycemic clamp circulating insulin (256^10 vs 250^13 pmol/l, P ¼ 0.85) and glucose (5.0^0.0 vs 5.0^0.0 mmol/l; P ¼ 0.93) concentrations were almost identical in the two groups. ISGU was, however, significantly reduced in FDR compared with controls (6.64^0.48 vs 9.12^0.98 mg/kg ffm/min, P ¼ 0.01, Table 1 ). No discrepancies during work or during leisure could be established in the habitual physical activity pattern between FDR and controls (median score (range): work: FDR: 2 (1 -4) vs controls: 2 (1 -4); P ¼ 0.98; leisure: FDR: 2 (1 -4) vs controls: 2 (1 -4); P ¼ 0.74). However, VO 2 max was reduced in FDR (52.2^3.1 vs 63.3^3.9 ml/kg ffm/min, P , 0.05, Table 1 ). As expected, there was a close correlation between ISGU and VO 2 max in both FDR (r ¼ 0.60, P ¼ 0.005) and controls (r ¼ 0.68, P ¼ 0.008).
Anthropometric variables and assessments of body composition
Prior to the study, the two groups of FDR and controls were matched in terms of age, gender and BMI. As depicted in Table 1 , the W/H ratio was also comparable in the two groups. Results from whole-body DEXA scanning and cross-sectional CT-scanning (L2/L3) are shown in Table 1 and Fig. 1 respectively. FFM was almost identical in FDR and controls (Table 1) . Likewise, total and BF and BF% were comparable in the two groups (Table 1) . However, as illustrated in Fig. 1 2 , P ¼ 0.09). CT scanning was not performed in two of the 14 controls (one male and one female); however, of note, the anthropometric variables of the remaining 12 controls were comparable to those of the group of FDR (BMI: 24.9 kg/m 2 ; W/H: 0.86; overall BF%: 24.8; P(all) . 0.35). In both FDR and controls there were significant inverse correlations between ISGU and the degree of visceral obesity (FDR: r ¼ 2 0.52, P , 0.05; C: r ¼ 2 0.65, P , 0.01; Fig. 2 ). The two regression lines were comparable with similar slopes (2 0.049^0.014 vs 2 0.063^0.021, P ¼ 0.46) and intercepts (10.64^1.15 vs 11.52^1.24 mg/kg ffm/min, P ¼ 0.74). There was an inverse correlation between VO 2 max and visceral fat area in controls (r ¼ 2 0.58, P , 0.05), whereas this correlation did not reach statistical significance in FDR (r ¼ 2 0.39, P ¼ 0.09).
Estimate of HPA axis activity
Twenty-four-hour urine (u) cortisol concentrations were comparable in FDR and controls both expressed in absolute terms (317.0^24.7 vs 320.0^21.4 nmol/l, P ¼ 0.93) and as the 24 h u-cortisol/creatinine ratio ((24.9^1.3 vs 27.4^2.0)·10 26 , P ¼ 0.28). The 24 h u-cortisol/creatinine ratio did not correlate to ISGU or overall BF% in either of the two groups. With respect to all correlation analyses similar results were found employing 24 h u-cortisol concentrations expressed in absolute terms (nmol/l) (data not shown).
FFA concentrations during the clamp
Fasting concentrations of FFA were almost identical in FDR and controls (Table 1) . During the hyperinsulinemic euglycemic clamp (steady state serum insulin: 256^10 vs 250^13 pmol/l; steady state plasma glucose: 5.0^0.0 vs 5.0^0.0 mmol/l, FDR vs controls) circulating FFA concentrations were significantly suppressed in both groups (P , 0.001). However, circulating FFA concentrations were significantly greater in FDR during hyperinsulinemia (0.03^0.01 vs 0.01^0.00 mmol/l, P , 0.05). 
FFA kinetics
Multiple linear regression analysis
In multiple linear regression analysis with ISGU as the dependent variable VO 2 max (P , 0.001), visceral obesity (P , 0.01) and a family history of type 2 diabetes (P , 0.05) all significantly contributed to the level of ISGU (r 2 ¼ 0.64) whereas gender did not. This model could not be further improved by adding other estimates of body composition, the 24 h urinary cortisol excretion or fasting insulin and FFA concentrations. If visceral obesity was substituted with percentage BF, the same overall result was reached but the r 2 value decreased and the P value increased (r 2 ¼ 0.60, P(BF%) , 0.05). Details from the best fitted regression equation are shown in Table 2 .
Discussion
The present study demonstrates that insulin-resistant FDR are characterized by preferential visceral fat accumulation and a reduced VO 2 max compared with healthy controls with similar BMI and overall fat mass. In addition, both factors contributed significantly and independently to the level of the insulin resistance in FDR. These data support the hypothesis that healthy FDR exhibit an increased tendency to store fat in visceral fat depots compared with subjects without a family history of diabetes. Although the study design does not allow firm conclusions with respect to causality, it is tempting to speculate that the diminished insulin sensitivity in FDR can be attributed, in part, to an increased amount of visceral adipose tissue and a reduced VO 2 max.
Despite the fact that visceral obesity is associated with insulin resistance with respect to glucose metabolism and an increased risk for development of type 2 diabetes (9, 10, 15, 16), quantification of visceral obesity in healthy glucose tolerant FDR has only been carried out sparingly. An upper-body fat distribution has been found in certain groups of FDR (e.g. 34, 35) . However, only the W/H ratio was used to assess body composition. In the present study, the CT-verified visceral obesity in FDR (based on two cross-sectional slides) was not associated with an increased W/H ratio. Most likely this reflects the fact that the ability of the W/H ratio to estimate visceral obesity is limited (36), especially as both our study groups were rather lean. The occurrence of visceral fat accumulation in healthy FDR suggests that this phenotypic characteristic, analogous to insulin resistance (2) , is present prior to development of overt type 2 diabetes in these individuals genetically predisposed to type 2 diabetes and thus may be a marker of the early prediabetic state. Of note, the trend towards visceral fat accumulation in FDR was observed irrespective of gender, although subgroup analyses were barely statistically significant, possibly attributable to the reduced number of individuals in each group. Similar observations of increased visceral adiposity was also found to characterize normal weight but 'metabolically obese' women (37) and it was found to precede overt type 2 diabetes in non-diabetic individuals of Japanese American origin (38) . It has recently been suggested that individuals with a family history of type 2 diabetes have a dietary intake which contains more fat and less carbohydrates (39) , which may add to the risk of developing type 2 diabetes. Interestingly, an extremely high fat diet given to healthy volunteers for three days was associated with an increase in the intramyocellular lipid content in the tibialis anterior muscle and a concomitant decrease in insulin sensitivity (40) . Increased intramyocellular lipid content has also been demonstrated to be related to visceral obesity (41) . In the current study all participants consumed at least 250 g carbohydrate for a period of 3 days prior to each study, but we did not record a detailed dietary history in FDR and controls. Thus we cannot entirely exclude the presence of different eating habits in the two groups. If present, a habitual high fat diet in FDR may partly contribute to the observed differences in insulin sensitivity and visceral adiposity. Further studies are clearly indicated to clarify this field.
Another key finding in the present study was that the VO 2 max was significantly reduced in FDR, despite similar physical activity levels during work and leisure compared with controls as evaluated by questionnaire. Reduced physical fitness in FDR has previously been reported by some (4, 23, 24) but not all (42, 43) authors. The discrepancy between these studies may, at least in part, be due to the number of participants and to the recruitment procedure employed. In our study physical fitness was not used for selection of study subjects. Thus both study groups contained individuals with a large range in VO 2 max. In contrast, some studies (42, 43) have only included subjects with a sedentary lifestyle, thus inducing a possible risk of 'overmatching' i.e. study groups could be matched so closely that tiny differences cannot be detected. Of importance, prospective studies have demonstrated that poor physical fitness is an independent risk factor that predicts development of type 2 diabetes (22, 44) . The presence of reduced VO 2 max in FDR at increased risk for future type 2 diabetes supports these data, and it can be suggested that reduced physical fitness appears to be an important feature of the early prediabetic state. In the present study a questionnaire revealed similar physical activity levels in FDR and controls during work and leisure which may support, but does not prove, a possible genetic background for the reduced physical fitness in FDR. Whether the latter finding can be attributed to genetic or environmental factors remains to be clarified.
Our study also demonstrates that the insulin resistance in FDR is associated with the reduced VO 2 max (4). Indeed, VO 2 max was the single most important determinant of ISGU independent of both visceral and overall obesity. Thus it is attractive to suggest that the decreased physical fitness in FDR may be an important determinant contributing to their insulin resistance. It is, however, important to underline that a family history of type 2 diabetes independently contributed to the insulin resistance in FDR, i.e. it appears that the early (potentially) prediabetic state per se influences insulinstimulated glucose metabolism. This latter observation is in accordance with data by Perseghin et al. (43) who found that although 6 weeks of aerobic exercise training improved insulin sensitivity in both FDR and controls, FDR remained insulin resistant.
Whereas the positive relationship between VO 2 max and insulin-stimulated glucose metabolism has been known for years (17) , direct beneficial effects of physical fitness on adipose tissue metabolism is not well characterized. Employing microdialysis, Stallknecht et al. (18) demonstrated that increased fitness was related to improved insulin sensitivity of antilipolysis in subcutaneous abdominal adipose tissue in healthy humans. The possible influence of a family history of type 2 diabetes on the relationship between VO 2 max and subcutaneous and visceral adipose tissue lipolysis remains to be determined. Our study showed that VO 2 max was inversely correlated to visceral obesity in controls, but not in FDR, which may indicate that the influence of fitness on visceral adipose tissue lipolysis differs in FDR and controls.
Abnormalities in lipid metabolism are well described in type 2 diabetes (45-47), but it is not clear whether these abnormalities are of primarily pathophysiological importance. Consequently, we also sought to assess aspects of adipose tissue metabolism in our healthy but visceral obese and insulin-resistant FDR. Baseline lipolysis, estimated employing [ 3 H]palmitate, was not increased in FDR. However, FFA concentrations were threefold greater during hyperinsulinemia, possibly attributable to decreased antilipolytic effects of insulin in visceral adipocytes (48) . The normal basal FFA concentrations and appearance rates in FDR may be due to compensatory increased insulin concentrations. We have previously observed that upon insulin withdrawal using somatostatin, lipolysis increases to greater levels in upper body obese individuals than in either non-obese controls or lower body obese volunteers (49) .
A perturbed HPA axis in FDR resulting in increased circulating cortisol levels could be one important feature contributing to both insulin resistance and visceral obesity. A preliminary report examining HPA axis activity in FDR by means of an oral dexamethasone suppression test, an adrenocorticotropin stimulation test and 24 h urinary cortisol concentrations has in fact suggested the presence of hypothalamic arousal in these individuals genetically predisposed to type 2 diabetes (27) . However, in the present study 24 h urinary cortisol excretion did not differ between FDR and controls. Moreover, 24 h urinary cortisol excretion did not contribute to the insulin resistance in FDR. Thus, our data do not support the thesis that cortisol excess is present in healthy FDR.
In conclusion, the present study demonstrates that healthy young non-obese Caucasian FDR are characterized by preferential visceral fat accumulation in both men and women and reduced maximal aerobic fitness when compared with controls without a family history of diabetes despite similar BMI, overall fat mass and physical activity pattern. The increased amounts of visceral fat tissue and the reduced aerobic fitness are both strongly associated with and may contribute to their insulin resistance. Despite visceral obesity in FDR, basal lipolysis appears normal whereas a decreased ability of insulin to suppress lipolysis is seen during hyperinsulinemia. Finally, our data do not support the thesis that cortisol excess is an important determinant of visceral obesity and insulin resistance in the early potentially prediabetic state.
